Background--Carotid-femoral pulse-wave velocity (cf-PWV) and brachial-ankle PWV (ba-PWV) are the 2 most frequently applied PWV measurements. However, little is known about the comparison of hypertensive target organ damage (TOD) with cf-PWV and ba-PWV.
P
ulse-wave velocity (PWV) has been widely accepted in clinical practice as a gold standard of arterial stiffness, 1 which contributes to vascular diseases through phasic mechanical stresses and stretch imposed on vessels as well as shear stress and endothelial dysfunction. 2, 3 Carotidfemoral PWV (cf-PWV) and brachial-ankle PWV (ba-PWV) are the 2 most frequently applied PWV measurements. The former is recommended as a clinical marker for cardiovascular risk stratification in hypertensives by the European Society of Hypertension (ESH) and European Society of Cardiology (ESC) 4, 5 as well as the American Heart Association, 6 whereas the latter is widely used and investigated in Asia. 2, 7, 8 As a velocity, PWV can be conveniently measured as the distance divided by the time interval between 2 selected points of the arterial system. 5 Of note, unlike cf-PWV, there is no real artery passing through the 2 selected points in the calculation of ba-PWV. Because ba-PWV is an estimated velocity, and the "path" contains both elastic and muscular arteries, 5 cf-PWV traveling through only the elastic aorta should be regarded as a better indicator. The cf-PWV has been validated for its prognostic significance of future cardiovascular events in various clinical investigations, such as patients with hypertension, diabetes, and renal failure, the general population, and apparently healthy subjects. 4, [9] [10] [11] [12] [13] [14] [15] Nevertheless, Sheng et al 16 indicated that, in 3876 participants of whom 2292 (59.1%) were hypertensive patients, ba-PWV predicted mortality in elderly Chinese who showed markedly increased PWV and hypertension during the median follow-up of 5.9 years. Consistently, Yu et al 2 also observed that, in 86 apparently healthy subjects and 234 patients with various degrees of abnormality in cardiac structure and function, ba-PWV was more representative of arterial load of the left ventricle (LV) than cf-PWV, probably because ba-PWV encompasses a greater extent of the arterial tree than cf-PWV. Thus, it is controversial whether cf-PWV or ba-PWV is more representative of arterial stiffness and which PWV has a more pronounced prognostic value. Because asymptomatic hypertensive target organ damage (TOD) is a very prevalent and critical prodrome of cardiovascular events and mortality as well as arterial aging, we investigated the association of hypertensive TOD with cf-PWV and ba-PWV within the framework of cardiovascular risk assessment in a community-based elderly cohort.
Methods Study Design
The Northern Shanghai Study is a prospective, ongoing, and multistage cohort study with the objective of investigating the cardiovascular risk assessment system in elderly Chinese. From June 2014 to August 2015, subjects were recruited if they were (1) aged 65 years or more, (2) local residents from urban communities in the north of Shanghai, and (3) available for long-term follow-up. Exclusion criteria included (1) severe cardiac disease (NewYork Heart Association Class IV) or end-stage renal disease (chronic kidney disease >4), (2) malignant tumor with life expectancy less than 5 years, and (3) stroke history within 3 months. Finally, 1721 subjects were invited, of whom 1599 (92.9%) were enrolled. The Northern Shanghai Study was authorized and financially supported by the Shanghai municipal government (Grant ID 2013ZYJB0902) and was approved by the Ethics Committee of Shanghai Tenth People's Hospital. Written informed consent was obtained from all subjects after relevant information had been provided to them and their relatives.
Social, Clinical, and Biological Parameters 
Measurement of Blood Pressures and AnkleBrachial Index
Blood pressure (BP) of each subject was measured in the morning with the electronic device by specialized physicians 3 times after at least 10 minutes of rest in the sitting position. The average of the 3 BP readings was calculated and used in the subsequent statistical analysis. Pulse pressure was defined as the difference between systolic (SBP) and diastolic BP. Bilateral brachial and ankle BPs were automatically and simultaneously measured to calculate the ankle-brachial index (calculated as ankle SBP divided by brachial SBP) using the VP1000 system (Omron, Kyoto, Japan).
Pulse-Wave Velocity
The order of cf-PWV and ba-PWV measurements was randomly chosen by the coin-tossing method. The cf-PWV was measured using applanation tonometry (SphygmoCor, AtCor Medical, Sydney, Australia), according to the European Expert Consensus on Arterial Stiffness. 19 First, peripheral BP was recorded twice using the Omron device with an interval of 3 minutes after a rest about 10 minutes. Second, the superficial distance covered by the pulse-wave was measured directly from the carotid to the femoral artery. Third, pressure waveforms in the right carotid and right femoral arteries were recorded for each subject, and transit time for each artery was automatically calculated via ECG data by the "foot-tofoot" method. Finally, cf-PWV was calculated by traveling distance divided by traveling time, and an operator index greater than 80% indicated high-quality waveforms. The ba-PWV was measured using the VP1000 system (Omron) as previously described. 16 In brief, pulse waves of brachial and posterior tibial arteries were measured via pressure cuffs on both arms and both ankles in the supine position after a 10-minute rest. The device estimated the travel path from body height and calculated ba-PWV automatically as the travel path divided by the time difference between brachial and ankle arterial pulse waves. Right ba-PWV was used for analysis in the present study. Of note, ba-PWV was excluded when ankle-brachial index was <0.9, which is considered indicative of peripheral arterial diseases.
Ultrasonography
The common carotid artery intima-media thickness (CIMT) was measured using the MyLab 30 Gold cardiovascular system (ESAOTE SpA, Genoa, Italy) with a 7.5-MHz probe. As previously described, 1 measurements were taken on the left common carotid artery 2 cm from the bifurcation and were always performed on plaque-free arterial segments. Three measurements of CIMT were taken, and the average value was used for further analysis. Simultaneously, the presence or absence of plaques in the left and right carotid arteries was recorded. M-mode and 2-dimensional echocardiography were performed using the same device with a 3.5-MHz probe, according to the guidelines of the American Society of Echocardiography. 20 LV ejection fraction was measured by Mmode echocardiography using the adjusted Teicholz formula. 21 Left ventricular end-diastolic diameter (LVEDd), interventricular septal (IVSd), and posterior wall thickness at end-diastole (PWTd) were measured by M-mode or 2-dimensional echocardiography from the parasternal view 17, 20 and then used to calculate left ventricular mass (LVM), 22 which was further standardized for body size as left ventricular mass index (LVMI) by dividing by body surface area (BSA). 
where SA1 is the M-mode left atrial dimension in the parasternal short-axis view, and SA2 and LA are measurements of short and long axes in the apical 4-chamber view at ventricular end-systole. 24 All ultrasonographic measurements were performed by a single experienced sonographer. 
Definition of Hypertensive TOD

Statistical Analysis
Quantitative and qualitative parameters were presented as meansAEstandard deviation and numbers with the percentage in parentheses, compared between men and women by Student t test and chi-squared test, respectively. Multivariate linear regressions were conducted to detect the association of conventional cardiovascular risk factors with cf-PWV and ba-PWV, such as sex, age, smoking, family history of premature CVD, waist/hip circumference, body mass index (BMI), fasting plasma glucose, LDL cholesterol, HDL cholesterol, and SBP. Pearson correlation analysis was applied to investigate the correlation of asymptomatic hypertensive TOD with cf-PWV and ba-PWV, respectively. Further, stepwise multivariate linear and logistic regressions were conducted to investigate the association of hypertensive TOD with cf-PWV and ba-PWV. Only variables staying in the final model were presented. In addition, cf-PWV and ba-PWV were both or separately put into the same full-mode regression models after adjustments for confounders to detect the regression coefficients and odds ratios (ORs) of PWVs in hypertensive TOD. It is noteworthy that age and SBP were forced into all models of regressions because PWVs were strongly dependent on the 2 variables. Statistical analysis was performed using SAS software, version 9.3 (SAS Institute, Cary, NC). P<0.05 was considered statistically significant.
Results
Participants
Characteristics of participants by sex are presented in 
Association of Cardiovascular Risk Factors With cf-PWV and ba-PWV
Conventional cardiovascular risk factors, including sex, age, smoking, family history of premature CVD, waist/hip circumference, BMI, fasting plasma glucose, HDL cholesterol, LDL cholesterol, and SBP, were put into a multivariate linear regression model to investigate their association with cf-PWV and ba-PWV. As shown in Table 2 , both cf-PWV and ba-PWV were significantly and consistently associated with male sex, age, waist/hip circumference, fasting plasma glucose, and SBP (P<0.04), whereas ba-PWV was also significantly related to BMI (P=0.007). The total R 2 values of the full models with cf-PWV and ba-PWV were 0.252 and 0.301, respectively.
Correlation of Asymptomatic Hypertensive TOD With cf-PWV and ba-PWV
In the correlation analysis of PWVs with hypertensive TOD, cf-PWV was significantly correlated with all parameters of asymptomatic TOD (P<0.01), and ba-PWV was also significantly correlated with all parameters (P<0.05), except CCR (P=0.077) ( Table 3) .
Association of cf-PWV and ba-PWV With Asymptomatic Hypertensive TOD
Because PWVs were greatly dependent on age and blood pressure, the 2 variables (age and SBP) were forced into all models in the following linear and logistic regression analysis to investigate the association of cf-PWV and ba-PWV with hypertensive TOD. As shown in Table 4 , when both cf-PWV and ba-PWV were put into the stepwise linear regression model, together with cardiovascular risk factors and number of subjects on medications, only cf-PWV, but not ba-PWV, was significantly associated with CIMT ( P=0.002) ( Table 5 ). In addition, the same results were observed in full-mode linear regression models after adjustments for confounders, regardless of whether cf-PWV and ba-PWV were both or separately put into the models ( Figure, panels A and B) . Moreover, when both cf-PWV and ba-PWV were put into the stepwise logistic regression model in Table 6 , together with conventional cardiovascular risk factors and number of subjects on medications, only cf-PWV, but not ba-PWV, was significantly associated with increased CIMT (OR=1.34, 95% CI 1.02-1.76, P=0.037) and microalbuminuria (OR=1.22, 95% CI 1.05-1.41, P=0.009). Similarly, when they were separately put into the stepwise linear regression model, cf-PWV showed significant association with arterial plaque (OR=1.19, 95% CI 1.03-1.36, P=0.015) and microalbuminuria (OR=1.21, 95% CI 1.06-1.38, P=0.004), whereas ba-PWV was significantly associated with increased CIMT (OR=1.36, 95% CI 1.01-1.82, P=0.042) and microalbuminuria (OR=1.20, 95% CI 1.04-1.38, P=0.013) ( Table 7) . Finally, both PWVs were put into the full-mode logistic regression model after adjustments for Stepwise multivariate linear regressions were conducted to investigate the determinants of hypertensive TOD. Age and systolic blood pressure were forced into all models. Only variables staying in the final model are presented. ÁÁÁ indicates nonsignificance; ba-PWV indicates brachial-ankle pulse-wave velocity; CCR, creatinine clearance rate; cf-PWV, carotid-femoral pulsewave velocity; CIMT, carotid intima-media thickness; CVD, cardiovascular diseases; E/Ea, peak transmitral pulsed Doppler velocity/early diastolic tissue Doppler velocity; LVMI, left ventricular mass index; TOD, target organ damage; UACR, urinary albumin-creatinine ratio.
confounders, and only cf-PWV showed a significant correlation with microalbuminuria (OR=1.23, 95% CI 1.07-1.42, P=0.045) (Figure, panel C) . However, when they were separately put into the full-mode logistic regression model, cf-PWV was significantly related with arterial plaque (OR=1. 
Discussion
There were 2 major findings in the present study. First, both cf-PWV and ba-PWV exhibited similar associations with various cardiovascular risk factors in the elderly, including male sex, age, waist/hip circumference, fasting plasma glucose, and SBP. Second, hypertensive TOD, especially vascular and renal TOD, may be more closely associated with cf-PWV than with ba-PWV in the study cohort of community-dwelling elderly. Stepwise multivariate linear regressions were conducted to investigate the determinants of hypertensive TOD. Age and systolic blood pressure were forced into all models. Only variables staying in the final model are presented. ÁÁÁ indicates nonsignificance; ba-PWV indicates brachial-ankle pulse-wave velocity; CCR, creatinine clearance rate; cf-PWV, carotid-femoral pulsewave velocity; CIMT, carotid intima-media thickness; E/Ea, peak transmitral pulsed Doppler velocity/early diastolic tissue Doppler velocity; LVMI, left ventricular mass index; TOD, target organ damage; UACR, urinary albumin-creatinine ratio.
Figure.
The cf-PWV and ba-PWV in association with hypertensive TOD after adjustments for confounders. A and B, Regression coefficients of cf-PWV and ba-PWV are presented after adjustments for confounders using multivariate linear regressions when cf-PWV and ba-PWV were both (A) or separately (B) put into the same full-mode model. C and D, Odds ratios of cf-PWV and ba-PWV were presented after adjustments for confounders using logistic regressions when cf-PWV and ba-PWV were both (C) or separately (D) put into the same full-mode model. ba-PWV indicates brachial-ankle pulse-wave velocity; CCR, creatinine clearance rate; cf-PWV, carotid-femoral pulse-wave velocity; CIMT, carotid intimamedia thickness; CVD, cardiovascular diseases; E/Ea, peak transmitral pulsed Doppler velocity/early diastolic tissue Doppler velocity; LVMI, left ventricular mass index; TOD, target organ damage; UACR, urinary albumin-creatinine ratio. Definitions of hypertensive TOD are presented in Methods. Table 6 . ÁÁÁ indicates nonsignificance; ba-PWV indicates brachial-ankle pulse-wave velocity; cf-PWV, carotid-femoral pulse-wave velocity; CIMT, carotid intima-media thickness; CVD, cardiovascular diseases; OR, odds ratio; TOD, target organ damage. Definitions of hypertensive TOD were presented in Methods.
For 2 decades, arterial stiffness was recognized as an important predictor of CVD and mortality. In theory, increased arterial stiffness is related to elasticity loss and reduced compliance in the arteries, which can further increase blood pressure. 27 In turn, elevated blood pressure leads to vessel wall structure remodeling and vessel dysfunction to compensate for changes in wall stress, which can further exacerbate the arterial stiffness. [27] [28] [29] Aging as an independent risk factor of hypertension and arterial stiffness also plays an important role in the vicious circle. 30 In young individuals there is a stiffness gradient between the aorta and muscular arteries, which is reduced with increasing age through replacement of the degenerated elastic fibers by collagenous fibers in the vascular wall. 2, 31 Additionally, intima-media thickening, as a result of these modifications in vascular fibers, also influences arterial stiffening. 32 Of note, it was known that aortic PWV increased nonlinearly and exponentially with aging, so it is possible that this process accelerated in the presence of hypertension and in the elderly. 5, 31, 33, 34 In the present study we focused on subjects aged over 65 years to investigate the association of arterial stiffness estimated by cf-PWV and ba-PWV with cardiovascular risk factors and hypertensive TOD, aiming to identify the better indicator of arterial stiffening in the elderly. Both cf-PWV and ba-PWV, as the most common indexes of arterial stiffness, have been widely used in clinical practice, with greater usage of cf-PWV in the Western countries and greater usage of ba-PWV in Asia. 4, 8 For cf-PWV, pressure transducers are placed on target arteries for the acquisition of carotid and femoral pressure waveforms and the calculation of the velocity. The resulting PWV is taken as representative of the PWV for the entire aorta. On the other hand, for ba-PWV, there is no true arterial pathway linking the measurement sites (brachial to ankle). The resulting estimated PWV is taken as representative of the PWV for the entirety of the central and peripheral arterial system. 35, 36 Both cf-PWV and ba-PWV were strongly linked with cardiovascular risk, and there was a positive association between cf-PWV and ba-PWV in previous publications. 1, 2, 35, [37] [38] [39] [40] In accordance with these studies, we found that both cf-PWV and ba-PWV were significantly associated with male sex, aging, obesity, glucose profile, and high BP, and we also observed a significant and positive association between them in our present studies (data not shown). In addition, ba-PWV was significantly associated with BMI. This finding may be attributable to the formula applied in the software built into the Omron ba-PWV device and to the influence of adiposity on muscular arterial reflected wave in the elderly. Stepwise logistic regressions were conducted to investigate the determinants of hypertensive TOD. Age and systolic blood pressure were forced into all models. Only variables staying in the final model are presented.
ÁÁÁ indicates nonsignificance; ba-PWV indicates brachial-ankle pulse-wave velocity; cf-PWV, carotid-femoral pulse-wave velocity; CIMT, carotid intima-media thickness; CVD, cardiovascular diseases; OR, odds ratio; TOD, target organ damage. Definitions of hypertensive TOD were presented in Methods.
Because they are the 2 most common indicators of arterial stiffening in clinical practice, it makes sense to do a comparative analysis of cf-PWV and ba-PWV in their associations with TOD. Nevertheless, the magnitude of the association of TOD with cf-PWV and ba-PWV remains a subject of debate. In theory and based on the current guidelines for BP management, cf-PWV was recognized as the golden standard of arterial stiffness as well as an important predictor of future cardiovascular risk. 5 However, because ba-PWV was more widely applied in Asia, some data suggested the opposite opinion. For instance, Yu et al 2 indicated that, in a Chinese population, ba-PWV correlated better with cardiac and vascular structure and function than cf-PWV. On the contrary, we found that, in this community-based elderly Chinese population, there was no significant difference between cf-PWV and ba-PWV in their association with cardiac TOD. However, cf-PWV was more closely related to vascular and renal abnormalities than ba-PWV, but with weak correlations and poor R 2 values. The relatively small correlation coefficients and R 2 values of the present study may be attributable to the complicated confounders and relatively weak association among the intermediate outcomes in the real-world "healthy" elderly subjects. Nevertheless, it is also noteworthy that our findings were reliable because they were double checked by the multiple linear and logistic regression models and with many variables adjusted. As to the discrepancies existing between the cardiac and vascular/renal TOD in association with those 2 PWVs, the main reason responsible for them may be that cardiac structure and function indicated by LVMI and E/Ea were less affected by arterial stiffness as compared with vascular and renal abnormalities. Our results were consistent with previous studies and current guidelines, 4, 5 indicating the superiority of cf-PWV over ba-PWV in the association with vascular and renal abnormalities in the elderly. It is true that ba-PWV can be more conveniently measured by an inexperienced or untrained practitioner, and accumulating data have indicated its significant prognostic value for cardiovascular events and mortality, such as the similar prospective study in a rural area of Shanghai. 16 We indicated that, from the viewpoint of organprotection-driven BP management, cf-PWV, but not ba-PWV, was recommended for the Chinese elderly, especially for those suffering from the vascular and renal abnormalities.
Limitations
The findings of the present study need to be interpreted within the context of its limitations. First, as a cross-sectional study, we focused only on the comparative analysis of cf-PWV and ba-PWV in association with cardiovascular risk factors and hypertensive TOD in the elderly but without any intervention or causality interpretation. With ongoing followup studies, we will be able to provide more prospective data in the future. Second, we could not fully adjust for the influence of different medications on PWVs, such as various antihypertensive, antidiabetic, and antihyperlipidemic drugs, which may have differing effects on central and peripheral arterial stiffness.
Perspectives
In light of the high burden of cardiovascular diseases on the aging society, an accurate assessment of arterial stiffness is of great importance and should be strongly recommended in the elderly. In the present study cf-PWV was more closely associated with vascular and renal TOD in comparison with ba-PWV in the elderly. However, the mechanisms remain incompletely understood. Therefore, further laboratory research is warranted to investigate the underlying mechanisms.
Conclusions
Cf-PWV seems to be superior to ba-PWV in association with asymptomatic hypertensive TOD, especially vascular and renal TOD, in the community-dwelling elderly Chinese population.
